C
'-IRONm subdural hematoma is one of the most common problems observed in neurosurgery. Response to surgery has been so satisfactory that this is generally considered the treatment of choice.
We have successfully treated a series of 23 cases of chronic subdural hematomas during the past 3 years by a nonsurgical method based on the use of intravenous Mannitol, and have obtained angiographic evidence of the disappearance or marked reduction in the size of hematomas in 22.
Rationale for Nonsurgical Treatment
There have been two major methods for the surgical treatment of chronic subdural hematoma, extirpation through a craniotomy and drainage through burr holes. We believe that only the reduction of the internal pressure of a hematoma will cure it, and that therefore the problem may be solved nonsurgically if the internal pressure of a subdural hematoma can be reduced by any method, not necessarily craniotomy.
It is very interesting that spontaneous recovery from this disease has been reported from a number of institutions. 1-3,~ It seems pos;ible that in such cases the environment for a hematoma has been altered by some unidentified procedure that shifts hematoma enlargement to hematoma absorption and "spontaneous healing." Neurosurgeons frequently use brain-pressure depressants such as Mannitol and urea for the treatment of head injuries and headache. These very drugs may have produced "spontaneou~ healing" by reducing the internal pressure of the hematoma. Ambrosetto I has reported that hematomas disappear with simply the use of the adrenocortical hormone, 50% glucose.
Our opinion about the growing mechanism of the hematoma is that, whether we follow the theory of pachymeningitis hemorrhagica interna or the direct trauma theory as the cause of chronic subdural hematoma, hematomas enlarge according to an osmotic pressure theory ~ after formation of internal and external capsules (Fig. 1) . As the contents of the hematoma increase, strain is produced in the capsule of the hematoma with subsequent rupture of its capillary blood yes-sels. Hemorrhage then follows and becomes a factor in increasing osmotic pressure in the hematoma. Reduction of hematoma pressure might logically be expected to prevent the rest of this chain of events, and enable new connective tissue to be formed inside the inactive hematoma. This might be expected to form a bulwark against hemorrhage from the capsule of hematoma and ultimately create the mechanism for absorption.
Material and Method
We used intravenous drips of 2 0 % Mannitol, 500 to 1000 ml daily, to reduce strain on the hematoma capsule in 23 male patients whose ages ranged from 21 to 71 years (Table 1). There were 19 unilateral hematomas and four bilateral. The average length of the lucid interval was 58 days. The average duration from onset to treatment was 31 days. The average term of the treatment was 41 days. The average total dosage of 20% Mannitol was about 30,000 ml. Seven out of the 23 patients were in serious condition with hemiplegia and disturbed consciousness when treatment was started.
Selected Case Report

Case 7
This 59-year-old man, with no habit of excessive drinking, was struck on both the left side of the forehead and the back of the head on February 6, 1967. H e lest consciousness for about 8 hours and subsequently complained of generalized headache. Since May, 1967, the headache had become severe in both frontal regions. He also developed an altered state of consciousness and asthenia in the right leg. On May 18, left carotid arteriography performed at another hospital revealed the anterior cerebral artery to be deviated 10 mm from left to right with an avascular area of 84 X 33 mm in the bilateral convexity. He was admitted to our department with a diagnosis of subdural hematoma.
Examination. On admission, the patient was semicomatose and suffered from vertigo, right hemiplegia, and motor aphasia. There was marked bilateral papilledema.
Course. The intravenous Mannitol program was begun immediately. The headache and hemiplegia improved rapidly. By the Fro. 1. Healing mechanism of chronic subdural hematoma.
middle of June, both the headache and vertigo had completely disappeared, and the mental state was normal. On June 17, Mannitol administration was discontinued. On June 27, carotid arteriography ( Fig. 2) showed 6 mm deviation and an avascular area of 87 X 27 mm; the choked discs were markedly improved. On July 10, however, 23 days after the discontinuation of Mannitol, the carotid arteriographic findings were 5 mm deviation and an avascular area of 81 X 22 mm, showing not so much improvement as compared with the previous examination. Thereupon, the administration was resumed. On July 24, 11 days after the resumption, the deviation was 3 mm and the avascular area 78 X 19 mm. Subsequently, Mannitol was not administered, but the avascular area became 72 X 9 mm and the deviation disappeared on August 25. The patient was discharged from the hospital on September 13 and is well 2 89 years after discharge.
Skort-Term Results
Most patients became asymptomatic within 1 or 2 months from the beginning of treatment, and angiography showed the avascular area diminished (Table 1) . Even in severe cases, this treatment produced a rapid improvement in symptoms. In six of the seven severe cases, the status became favorable 2 or 4 days after the beginning of the treatment. In the seventh case, an aged man, we could not improve his bad condition in spite of 12 days of Mannitol therapy, but did cure him by burr hole aspiration.
In the initial period of the treatment, we used smaller daily dosage of Mannitol, about 500 ml of 2 0 % solution. Since we continued the regimen until complete disappearance of the avascular area was observed, the duration of treatment was inclined to be long. Recently, however, it has become evident that a daily dosage of about 1000 ml of Mannitol is more effective, and the term of treatment has therefore been shortened. As long as the peroral nutritional supply was sufficient, administration of 1000 ml of 20% Mannitol did not cause any untoward effect in serum electrolytes or liver function.
Electroencephalographic findings in many cases were within the normal range at the time of admission, but a fairly serious abnormality was found in most cases where neurological abnormalities had been observed. Most of these cases showed electroencephalograms in accord with the degree of the clinical improvement.
Papilledema was observed in 19 out of the 23 cases and had disappeared in all cases by the time of discharge.
Follow-Up Resulls
A follow-up study was made of 22 patients by neurological examination, pneumoencephalogram, and electroencephalogram. The follow-up period ranged from 8 months to 3} years. All patients are now healthy, and no recurrence has been observed.
The electroencephalographic follow-up, often considered an ind.cator for cerebral function, showed a rather rapid restoration to normal or borderline in most ca:es.
The pneumoencephalographic follow-up indicated that the ventricle system was not enlarged or asymmetrical, but within normal lim;t in most cases (Fig. 3) . This was a better result than has been our experience following surgical treatment (Fig. 4) .
Discussion
It might have proved imprudent to use this treatment in patients with severe dehyJiro Suzuki and Akira Takaku dration, lest the dehydration be intensified. Nevertheless, the treatment unexpectedly produced a rapid improvement in the symptoms and, surprisingly, in the electroencephalograms also, when it was performed with the combined peroral administration of water and with careful attention paid to the electrolyte balance.
The therapeutic succes~ obtained in 22 out of 23 cases suggests that th!s nonsurgical treatment will heal many if not most patient; with this condition.
However, this treatment is not completely free from any problems. The usual surgical treatment eliminates the hematoma as soon as it is discovered, wh:.le the Mannitol treatment cannot eliminate a mass lesion by one effort. The prolonged presence of a hematoma on the cerebral surface even with low pressure may raise fears of ill effect on cerebral function. As a matter of fact, however, the follow-up studies of electroencephalograms, which are considered as an indicator If 3 or 4 days of treatment do not effectively reduce the severe symptoms, surgery should be adopted immediately, especially for aged people with severe neurological deficits.
Fro. 4. A 47-year-old man with chronic subdural hematoma on the left side. Pneumoencephalogram taken 6 years after total removal of hematoma (November 4, 1967). Cerebral atrophy is seen, especially at the site of the craniotomy.
for cerebral function, and of pneumoencephalograms, which are considered from the viewpoint of brain atrophy, were better than follow-ups on our surgical cases. All of our patients were found to be leading an active life in the follow-up period of 8 months to 3 89 years.
Nevertheless, there were many variations in the effectiveness of this treatment in individuals, and it is still too early to know which kind of case will have resistance to this treatment. Since there was one severely ill older patient in our series who did not respond to this method, we must admit that the treatment is not always successful.
Summary
A treatment designed to stop repeated bleeding, which mainly consists of osmotherapy using 20% Mannitol, was carried out on 23 patients with chronic subdural hematoma. Disappearance or marked reduction of the hematoma content as well as complete clinical recovery were obtained in 22 patients. The duration of the treatment was 12 to 106 days. No abnormality of personality or mental state has been observed in a follow-up period of 8 months to 3-} years.
There have been no recurrences. Although further observations are needed on more cases, it seems to us that this disease will sooner or later be treated not only as a neurosurgical problem but as one often amenable to nonsurgical therapy.
